Data cannot be shared publicly because of potential for identifying some of the focus group participants due to specific information revealed in the discussion and also discussion of specific information about individuals, patients and families that could be identified. Data are available from the University of Ibadan Institutional Ethics Committee (contact via email: <imratcomui@gmail.com>) for researchers who meet the criteria for access to confidential data. To request access to the qualitative data file, contact the University of Ibadan Institutional Ethics Committee and request application to obtain Focus Group Data from the SIREN study (approximately 500 single-spaced pages of data that have been translated into English). Our Informed Consent and Ethics Board state that only de-identified data (to the extent possible without changing the discussion) will be released to interested researchers who have obtained Ethics Board Approval. Following review and approval, the data file will be available to the researcher.

Introduction {#sec005}
============

Stroke is a leading cause of death and disability globally \[[@pone.0206548.ref001]\] and the incidence of stroke is increasing in Low-and Middle-Income Countries (LMIC) particularly in Africa \[[@pone.0206548.ref002]--[@pone.0206548.ref006]\]. Rates are decreasing in high income countries (HIC); however, in Africa, the rates are high, increasing, disproportionally afflicting young and middle-aged adults, and disability and death are much worse than in HIC \[[@pone.0206548.ref007]--[@pone.0206548.ref012]\].

The Stroke Investigative Research and Education Network (SIREN) seeks to comprehensively characterize the genomic, sociocultural, economic and behavioral risk factors leading to the development of clinical risk factors for stroke and sub-clinical disease which over time may result in clinically apparent stroke \[[@pone.0206548.ref013]--[@pone.0206548.ref017]\]. An earlier publication \[[@pone.0206548.ref014]\] presented an overview of eight study sites located in six cities, six in Nigeria and two in Ghana, and the protocol for community engagement and research across these sites. Other sites have been added to SIREN and the added sites did not collect focus group (FG) data for this study, but the team of investigators worked together to translate, analyze and interpret the data and prepare the manuscript. It is important to note that this genomic research does not involve an intervention that focuses on immediate improvement of stroke outcomes; SIREN focuses on recruiting 3000 case-control pairs to identify particular i) genetic (relating to genes, genetic variation, and heredity); ii) genomic (relating to recombinant DNA, DNA sequencing methods, and bioinformatics to sequence, assemble, and analyze the function and structure of the complete set of DNA within a single cell); and iii) phenomic (relating to physical and biochemical traits of persons---as they change in response to genetic mutation and environmental influences) factors related to causation or prevention of stroke.

As a member of the H3Africa Initiative, the SIREN team adheres to the High-Level Principles on Ethics, Governance and Resource Sharing which state, *"Research networks and programs should incorporate appropriate engagement with the communities participating in the research as an integral element* \[[@pone.0206548.ref018]\].*"* SIREN researchers connect with people in the community to learn from them, in order to identify and work effectively with surrounding communities, not only to recruit research participants for SIREN, but also to design interventions that could be tested in future trials to reduce the tremendous burden of stroke in sub-Sahara Africa (SSA). A local advisory board of community leaders in each of the cities where SIREN sites are located, guides the program's work within that community.

Purpose {#sec006}
-------

The purpose of this paper is to report the qualitative findings \[[@pone.0206548.ref019], [@pone.0206548.ref020]\], from FGs that explored the knowledge, attitudes and practices related to stroke, stroke risk factors, genetic testing and genomics among persons who had a stroke and their caregivers, as well as key community constituents including faith-based leaders and health care workers.

Methods {#sec007}
=======

To facilitate comprehensive reporting of the processes and results, recommendations from Consolidated Criteria for Reporting Qualitative Research (COREQ): a 32-item checklist for interviews and FGs \[[@pone.0206548.ref021]\]; the Standards for Reporting Qualitative Research: a Synthesis of Best Practices \[[@pone.0206548.ref022]\]; and the Evolving Guidelines for Publishing Qualitative Research Studies in Psychology and Related Fields \[[@pone.0206548.ref023]\] all served as guides for development of this manuscript. COREQ suggests presenting the research in three domains: research team and reflexivity; study design; and analysis and findings \[[@pone.0206548.ref021]\].

Domain 1: Reflexivity \[[@pone.0206548.ref024]\] and bias in SIREN research team {#sec008}
--------------------------------------------------------------------------------

The SIREN team includes members who are researchers and clinicians, nurses, medical laboratory scientists, health educators, public health professionals, radiologists who handle the imaging interpretations for diagnosing stroke and its subtypes, epidemiologists, statisticians and community members in Ghana, Nigeria and the United States of America (US). The overall principal investigators for SIREN, as well as the local site principal investigators are neurologists or other physician researchers who also provide clinical care to stroke patients. The team for community engagement across sites consists of the investigators and staff with expertise in both qualitative and quantitative research as well as community engagement. All FG facilitators completed some form of tertiary education---MPH, BSc or some form of Social Science degree in Humanities. The majority have prior research experience: hospital-based, community-based or field work. Each is knowledgeable about the culture in their respective communities in Ghana and Nigeria.

Additionally, researchers at the Medical University of South Carolina (MUSC) in the USA are also part of the SIREN team. The team communicates via Skype at least 4 times per month. The community engagement investigator at MUSC and lead author of this article has: i) a long history of working with southern African American communities in the USA in community-based participatory research related to diabetes and qualitative research, but only had worked with stroke patients who also had diabetes before working with SIREN; ii) coordinated the development of the standard operating procedures for community engagement with the SIREN team; iii) developed the initial set of questions for SIREN FGs; iv) provided additional training related to FG processes; v) analyzed and coordinated discussion of the FG data with the SIREN team; and vi) prepared the manuscript over 2--3 years in collaboration with the SIREN team.

Ghanaian and Nigerian colleagues: i) provided training and education for the MUSC community engagement investigator about the culture in Ghana and Nigeria; ii) refined the FG questions; iii) conducted all FGs; iv) coordinated the translation process; v) provided input into their reflexivity and biases; vi) provided data related to 'member checking;' and vii) input into the development of the manuscript. All SIREN investigators continue to work together via Skype teleconferencing each month. Trained investigators and staff (including both males and females) who spoke the language or dialect and moderated the FGs at each site had previously worked with or knew some of the FG participants. All investigators have personal interests in stroke and genomics or phenomics and most are physician researchers or public health leaders in their respective sites with prior work with stroke. Although all FG facilitators-moderators, and note takers had previously conducted FG sessions, they participated in training using the SIREN CE core protocol to help ensure uniformity of practices and replicability of methods.

Although our team has discussed bias, which we define as predisposition(s) or preconceived opinion(s) that prevent team members from impartially evaluating the "facts" that have been presented by the FG participants, bias has been somewhat difficult to identify! Several team members have stated that they are first generation college graduates who have experienced poverty and unhealthy lifestyles and several have family histories of stroke and deaths from stroke. However, the team's education and awareness of the scientific literature related to stroke and risk factors, and the interests in the genomics and phenomics of stroke certainly may introduce bias in interpreting the information presented. Thus, we have worked together to create a very diverse group of clinicians and researchers, as well as feedback from community members, to focus on interpreting the data and creating a high level of agreement related to data interpretation. The team has discussed and interpreted the findings, verified findings and worked together to create transparency in reporting the findings by identifying and reporting common themes and using direct quotes from the participants to illustrate the common themes. Additionally, we use theoretical models and methods that have been developed and tested by other researchers and communities to help develop a framework for study design, data collection, analysis and reporting. We also recognize the uniqueness of our research and the selected models allow us to report our unique findings. We triangulate our findings with those from our SIREN survey and other quantitative data.

Domain 2: Study design {#sec009}
----------------------

The literature describing the demographics of the study sites and the FG has been previously discussed in a prior publication The rationale for using FGs to explore attitudes, beliefs, and practices related to stroke in Ghana and Nigeria allows the SIREN team to capture qualitative data that may be missed with our SIREN quantitative survey. Also, the survey data were collected from stroke survivors and control subjects from the community, while the FGs examined attitudes, beliefs and practices from stroke survivors, family, community and faith-based leaders and health professionals. Also, both FGs and surveys were conducted during the same period of time (although ideally if the focus groups were conducted prior to the development of the survey, the findings from the FGs could have been further explored with larger numbers of person in the survey). Study sites that assisted with the FG study design and then participated in the FG research included two sites in Northern Nigeria (Kano and Zaria), four sites in Southern Nigeria (two in Abeokuta and two in Ibadan), and two in Ghana (Accra and Kumasi). Each of the sites planned 3--4 FG sessions including one to two FGs with stroke survivors and their caregivers, one with community and faith-based leaders, and one with health care providers and researchers. To standardize the FG process, materials and training were provided for FG discussions, in-depth interview guides, and forms for informed consents, demographics, and note-taking. Skype trainings were provided to all FG leaders. FG methods were based on methodology developed by Kruger and Casey \[[@pone.0206548.ref025]\] and in-depth interview methodology developed by Tremblay \[[@pone.0206548.ref026]\]. The research was approved by the Ethics Committees of each site and also by the Institutional Review Board of the Medical University of South Carolina.

### Theoretical models {#sec010}

Theoretical frameworks that guided our FG questions and processes across the SIREN communities were the Social Ecological Model (SEM) \[[@pone.0206548.ref027]\] and Kleinman's Explanatory Model of Illness \[[@pone.0206548.ref028]\]. The constructs of the SEM were used to: i) explore individual and population health related to stroke including individual factors (e.g., genetics, pathophysiologic pathways, individual knowledge, beliefs, behaviors); ii) interpersonal factors (e.g., family, friends, peers, and other social relationships); iii) institutional processes (e.g., social networks, social support systems); iv) community factors (e.g., relationships among networks, health care access, living conditions); and v) public policy (e.g., local, state, and national laws/policies) \[[@pone.0206548.ref014]\]. Kleinman's model \[[@pone.0206548.ref028]\] provided the framework for further developing the FG questions and exploring beliefs and attitudes related to stroke and stroke research \[[@pone.0206548.ref014]\].

### Sampling and sample recruitment {#sec011}

Participants were selected through purposive and snowball sampling techniques and then recruited by SIREN investigators and staff, largely through face to face contact (n = 4 sites), telephone calls (n = 1 site) or a combination of telephone and face to face contacts (n = 2 sites). Only 6 persons refused to participate and the reasons for all were related to conflicts of time. An overview of the FGs and number of participants in each group by site is shown in [Table 1](#pone.0206548.t001){ref-type="table"}. The site PIs and the community engagement coordinators used purposive sampling for recruiting both males and females, an age range representing the population in each of the 3 groups (stroke survivors, community leaders and health care providers), and persons residing in rural and urban communities. The snowball sampling techniques were used by all members of the SIREN team and the community advisory board and included recruiting hospital stroke survivors who were being discharged from the hospital, and asking those who volunteered to help recruit other stroke survivors and community leaders to participate in SIREN FGs and other SIREN activities. The community leaders were asked to recruit both stroke survivors from their communities as well as community leaders from other communities. Additionally, FG participants were recruited by the researchers during community events.

10.1371/journal.pone.0206548.t001

###### SIREN focus group participant demographics.

![](pone.0206548.t001){#pone.0206548.t001g}

  -------------------------------------------------------------------------------------------------------------------------------------------------
                                                                             \# of participants in each group   Age of Group           
  -------------------------------------------------------------------------- ---------------------------------- -------------- ------- ------------
  Ghana: Accra (University of Ghana, Korle BU Teaching Hospital)                                                                       

      • Stroke Survivors                                                     6                                  0              59.5    32--80

      • Stroke Survivors                                                     0                                  7              47.6    41--63

      • Community Leaders                                                    5                                  3              42.1    22--63

      • Health Care Workers                                                  5                                  2              41.1    26--64

  Ghana: Kumasi (Kwame Nkrumah University, Komfo Anokye Teaching Hospital)                                                             

      • Stroke survivors                                                     0                                  5              48.8    34--69

      • Stroke survivors                                                     6                                  0              57.2    45--78

      • Community leaders                                                    3                                  4              53.4    42--64

      • Health Care Workers                                                  3                                  4              50.4    43--54

  Nigeria: Abeokuta (Federal Medical Centre)                                                                                           

      • Stroke Survivors                                                     2                                  4              57.67   34--72

      • Community Leaders                                                    1                                  5              57.33   36--77

      • Health Care Workers                                                  4                                  2              38.17   31--49

  Nigeria: Abeokuta (Sacred Heart Hospital)                                                                                            

      • Stroke survivors                                                     0                                  6              52.17   38--67

      • Community leaders                                                    2                                  4              56.33   41--70

      • Health Care Workers                                                  5                                  1              36.67   29--50

  Nigeria: Ibadan (Blossom Specialist Medical Center)                                                                                  

      • Stroke Survivors                                                     2                                  4              52.3    45--60

      • Community Leaders                                                    3                                  3              60.2    40--85

      • Health Care Workers                                                  1                                  5              34.2    23--35

  Nigeria: Ibadan (University of Ibadan, University College Hospital)                                                                  

      • Stroke survivors                                                     1                                  3              65.5    60--73

      • Community leaders                                                    1                                  5              52.83   40--69

      • Health Care Workers                                                  2                                  4              37.67   28--59

  Nigeria: Kano (Bayero University, Aminu Kano Teaching Hospital)                                                                      

      • Stroke Survivors                                                     3                                  3              44      35--53

      • Community Leaders                                                    0                                  6              50      40--60

      • Urban Health Care workers                                            2                                  4              35      30--45

      • Rural Health Care Workers                                            3                                  3              35      30--45

  Nigeria: Zaria (Ahmadu Bello University, Ahmadu Bello Teaching Hospital)                                                             

      • Stroke Survivors                                                     2                                  4              53      45--60

      • Community Leaders                                                    0                                  6              54.5    50--60

      • Health Care Workers                                                  2                                  4              34      30--40

  **SUB-TOTAL**\                                                             \                                  \              \       \
  **Stroke Survivors**\                                                      22\                                36\                    32--80\
  N = 9 Groups, 58 participants\                                             15\                                36\                    22--85\
  **Community Leaders**\                                                     27                                 29                     23--64
  N = 8 Groups, 51 participants\                                                                                                       
  **Health Care Workers**\                                                                                                             
  N = 9 Groups, 56 participants                                                                                                        

  **TOTAL N = 165 persons**                                                  **64**                             **101**                **22--85**
  -------------------------------------------------------------------------------------------------------------------------------------------------

A total of 165 persons in 26 FG across 8 communities or health care organizations were included. Female participation was lower than males in all groups. Although this may reflect the culture of the communities, it is important to note that in Nigeria and Ghana, more males than females are hospitalized with stroke, more males are physicians and researchers, and more males are community and religious leaders. Thus, the participant gender is reflective of each of the groups. The rationale for the large number of FGs was that each of the communities are sites for SIREN recruitment in the large case-control study and each site needed to better understand the knowledge, attitudes and beliefs of their community leaders, health care providers as well as persons who had experienced a stroke and their care providers.

### Settings {#sec012}

The settings for the FGs varied but most were in clinical sites. All FGs (n = 9) with stroke survivors who had been previously discharged from the hospital with a diagnosis of stroke) and their caregivers were conducted in hospital outpatient clinics. All but one of the health care providers FGs were conducted in the hospital outpatient clinics across the SIREN sites (n = 8) while one health care providers FG was conducted in a rural clinic with no associated hospital (n = 1). The community leaders FGs (n = 8) were divided between community (n = 4) and hospital outpatient clinic (n = 4) sites. Only the FG leader and the note taker were present with the participants during each of the FGs.

### Data collection {#sec013}

An interview guide was developed collaboratively by the SIREN community engagement investigators and collectively reviewed with all investigators and staff through teleconference meetings on Skype. An overview of the key questions is shown in [Fig 1](#pone.0206548.g001){ref-type="fig"}.

![Focus group questions.](pone.0206548.g001){#pone.0206548.g001}

The site principal investigators, co-investigators, and community engagement coordinators reviewed, edited, and worked with community members to translate and back translate into the language/dialect in each of the SIREN communities. If not administered in English, the informed consent, the FG, and associated materials were administered in one of the major languages as appropriate for the participants including Hausa, Yoruba, Igbo in Nigeria and Asante Twi in Kumasi, Ghana and Ga in Accra, Ghana. The duration of the FGs ranged from 60 to 90 minutes. Credibility of the data was enhanced through summarizing and debriefing at the end of the groups. All FGs were audio digitally recorded, field notes were made during the interview, and the digital recordings were transcribed verbatim. The multiple languages and dialects in the SIREN communities presented translation challenges for the team. However, the process developed by Beaton and colleagues \[[@pone.0206548.ref029], [@pone.0206548.ref030]\] provided a guide for translation of both the FG questions into the language or dialect as well as translation of the FG results into English. Following translation into English for those FGs administered in another language, review and editing of all transcripts at each site, the digital recordings, verbatim translations, and field notes were loaded into REDCap, a secure data management and storage system at the Medical University of South Carolina for documentation. All personal identifiers were removed from the transcripts that were used for analyses. Only three of the FG transcripts were returned to a sample of participants for review prior to analysis. No edits were made by the participants.

Domain 3: Analysis {#sec014}
------------------

The guiding methodological approach selected for identifying, analyzing, and presenting the data is thematic analysis \[[@pone.0206548.ref031]\] using the structure from the SEM \[[@pone.0206548.ref027]\] and Kleinman's framework \[[@pone.0206548.ref028]\] for generating the initial analytic approach and codes. This combination of approaches adds to the literature by illustrating the usefulness of the approach for assessing, developing, and refining data that can be used for planning and testing interventions to decrease the tremendous burden of stroke in SSA. Thematic analysis, as an independent qualitative descriptive approach, is mainly described as "a method for identifying, analyzing and reporting patterns (themes) within data \[[@pone.0206548.ref032]\]."

The data were coded by the primary author (CJ) and reviewed by all members of the SIREN Community Engagement team through monthly meetings and then with the Principal Investigators (MO and BO) and the SIREN team. Major themes or nodes were first identified using the domains from Kleinman's Explanatory Model \[[@pone.0206548.ref028]\]. The major themes from Kleinman \[[@pone.0206548.ref028]\] were then stratified by the major themes (individual including pathophysiologic pathways, genetic, constitutional, and individual risk factors; interpersonal/social relationships and living conditions; organizations and communities, and social and economic policy) of the SEM \[[@pone.0206548.ref027]\]. Transcripts were reviewed for themes through a continuous process of data segment comparison based on the qualitative research techniques described by Huberman and Miles \[[@pone.0206548.ref033]\] and Patton \[[@pone.0206548.ref034]\]. A codebook was developed defining themes, and a numeric theme code was assigned to each particular category of text responses. Participants' responses were coded and sorted accordingly into differing categories. Microsoft Word was used to create tables sorted on theme code \[[@pone.0206548.ref035]\]. An iterative process of reading and rereading the data was used to refine the categories and ensure the coded responses fit well into the categories. The analysis was systematic and involved categorizing data into the two theoretical frameworks \[[@pone.0206548.ref027], [@pone.0206548.ref028]\].

Additionally, NVivo 10 software \[[@pone.0206548.ref036]\] was used to re-analyze the data first by using Kleinman's model \[[@pone.0206548.ref028]\] and each of the coded data segments was then coded into the appropriate level of the SEM \[[@pone.0206548.ref027]\]. The coded data segments from the first coding and then from NVivo coding were extracted, compared and differences resolved, condensed, and summarized with examples of major and minor themes (including diverse themes) \[[@pone.0206548.ref037], [@pone.0206548.ref038]\]. The themes and quotes were then provided for feedback from each of the SIREN sites and there were no disagreements when reviewed during monthly Skype meetings or during manuscript review by each of the authors. A summary of the steps for the methods and coding process is shown in [Fig 2](#pone.0206548.g002){ref-type="fig"}.

![Overview of steps in the siren focus group process for reporting, analyzing and reporting findings \[[@pone.0206548.ref037]\].](pone.0206548.g002){#pone.0206548.g002}

Results {#sec015}
=======

Domain 3 findings {#sec016}
-----------------

The characteristics of the FG and participants are shown in [Table 1](#pone.0206548.t001){ref-type="table"}. The major and minor or divergent themes are presented using a condensed framework from Kleinman's Explanatory Model of Illness \[[@pone.0206548.ref028]\] that includes categorization of: i) causes of stroke and why it started when it did; ii) chief problems, severity and duration of the problems caused by the stroke; iii) fears related to stroke; and iv) treatment. The direct quotes of the FG participants are italicized (with quotation marks for short quotes or indented for longer quotes). The results are also organized by levels of the SEM of i) individuals; ii) interpersonal/social relationships and living conditions; iii) organizations and communities, and iv) social and economic policies. We then examine the recommendations for working effectively with communities to increase participation in SIREN's case-control study for exploring the genetic, genomic, and phenomic causes related to stroke.

Causes of stroke and why it started when it did {#sec017}
-----------------------------------------------

The major theme across all groups for the cause of stroke at the individual level centered around "*stress*" \[mentioned by 51 stroke survivors (SS), ages 34--80; 26 community leaders (CL), ages 22--80; and 32 health care workers (HCW), ages 26--64\]. A multitude of other factors identified as contributing to stress included *"worry*,*" "lack of rest*,*" "spiritual battle/terrestrial powers"* (but not further explained), *"overloading the brain"* or *"not giving the mind a rest*,*" "bitterness*,*" "loneliness" and "fear*.*"* Physiological causes of stroke, the second most common theme, included "*high blood pressure*" (mentioned by 35 SS, ages 37--80; 26 CL, ages 30--78; and 43 HCW, ages 23--64) which was attributed to lifestyle factors such as *"eating heavy meals or high fat meals and going to sleep*,*" "smoking" "drinking alcohol*,*" "sedentary lifestyle" "coffee and caffeine*,*" "high blood cholesterol*, *diabetes*, *as well as genetics or our genes*.*"* Again, at the individual level, stress and high blood pressure were the major reasons for why a stroke started when it did. And one of the major reasons for high blood pressure contributing to stroke was *"not taking the medications"* (mentioned by 12 different SS, ages 32--72) or *"running out of medications*" (mentioned by 9 different SS, ages 32--80). Reasons for not taking the medications or running out of medications included *"These pills made me feel bad*." (SS, age 52) or *"I did not have the money to get my medicine*.*"* (SS, age 48) or *"My sister had all sorts of problems from taking the pill and told me not to take them or I would be cursed too*.*"* (SS, age 49). The relatively common minor or divergent theme across most groups was that stroke and reasons for why it started was a *"curse"* (6 SS, age 48--78) either from *"evil spirits*" (2 SS, age 74--77) or *"evil imagination"* (1 SS, age 32) or a *"sin from God"* (3 SS, ages 36--80) or "*punishment from Allah"* (1SS, age 48).

The interpersonal/social relationships, living conditions, and communities that contributed to stress and physiological causes of stroke, particularly high blood pressure were diverse, but included "*western lifestyle*," (2 CL, age 61--78) "*poverty and slum living*," (CL, age 44; HCW, age 53) "*environmental pollutants*, *second hand smoke*, *and bad air*." (CL, age 39) "*Civilization and modernization has made those of us*, *especially in urban areas prone to more stress*. *This one is driving a Jeep so I must have Jeep*. *There is a remote for everything*!*"* (CL, age 38) Another cause of stress, high blood pressure and stroke was family stress and dysfunction. One particular theme related to multiple wives for men, and women who are in a marriage where the man has multiple wives or practices polygamy. *"Unnecessary stress like when a man has four wives so they tend to have too much family issues to worry about*, *no rest*, *no food; all these can cause high blood pressure then hypertension*, *then stroke*.*"* (CL, age 58) Additionally, other groups identified the multiple wives of men as being at risk for stress, high blood pressure and stroke because of poverty and other stressors related to feeling abandoned if they did not perform "*wifely duties*." (CL, age 48)

For the cause of stroke and why it happened when it did, no social and economic policies were specifically mentioned other that those above as living conditions in communities. However, none of the different sites or groups of participants (community and faith leaders, persons with stroke or health care providers) specifically attributed the cause of stroke to social or economic policies. The divergent *"curse*,*"* or *"evil"* or *"sin"* was also not attributed to social or economic policies. There were no major differences across sites or across groups related to causes of stroke and why the stroke happened at a particular time except health professionals in urban sites shared a more in-depth discussion of the physiological and scientifically based causes of stroke than other groups and the health professionals in rural sites shared more causes of stroke that are not clearly linked to scientific evidence to support the causes such as *"polygamy*,*"*(5 HCW, age 30--45) *"environmental factors such as when you sleep with the generator on consistently*, *it will lead to pressure and later hypertension*, *then later stroke*."(2 HCW, ages 43--55) And another environmental effect was *"severe heat*.*"*(4 SS, ages 38--80) Additionally, as high blood pressure was shared as a cause of stroke across all except two groups, there was no mention of limiting salt or salty food intake to help with control of high or elevated blood pressure across all groups except for one of the health professional groups that included two nutritionists. One of the nutritionists only briefly added at the end of a long list of foods to avoid that "high salt intake is possibly linked to unhealthy eating due to the aggregate use of it for preserving foods." However, "*high fat foods*" and "*unhealthy eating*" were discussed in several groups of stroke survivors (6 groups), community members (5 groups) and health professionals (7 groups).

Chief problems, severity and duration of the problems caused by the stroke {#sec018}
--------------------------------------------------------------------------

All groups shared that stroke has a major effect on the individual, their interpersonal/social relationships and living conditions especially related to their ability to return to a normal life, including being a contributor to their family, organizations and their communities. Most groups shared that social and economic policies are needed. The major themes related to chief problems, their severity and duration centered on the experiences of stroke survivors and their caregivers, as well as interpersonal/social relationships, while the identified effects on organizations and communities, were minimally discussed across all groups. *"Stroke causes many problems including paralysis*, *problems swallowing and eating*, *talking and moving around*. *And the problems can last a short while or a lifetime*. *These problems affect the individual*, *their family*, *their income*, *and their abilities to become a productive member of our community*. *Our government needs to help with policies that support the families*.*"* (CL, age 54) There was no agreement on minor or divergent themes offered across groups.

Fears related to stroke {#sec019}
-----------------------

The major and minor/divergent fears related to stroke were at the individual and interpersonal/social relationships, living conditions and organizational levels but none were attributed to communities or social and economic policies.

Fears were common and many expressed: *"death*, *redundancy*, *burden or dependence on family*, *stroke complications*, *and immobility*.*" (23 SS*, *ages 42--80) "Stigma*, *financial and economic bondage*, *but the greatest fear is having it (stroke) again*, *and immobility*.*"* (SS, age 42) Health professionals reported that *"some stroke survivors wish for death because they do not want to be a burden to family*." (5 HCW, ages 23--56) A divergent but common theme across groups was *"Many fear that hospital workers and relatives may decide to abandon them---particularly females fear husbands will divorce or abandon them and they will be neglected*." (HCW, age 39) Another divergent theme related to reasons the stroke survivor worries: *"I worry a lot*. *People think I have done something wrong and that (stroke) is my punishment*. *They don't see it as a form of sickness*.*"* (SS, age 68)

Treatment and results {#sec020}
---------------------

*"The whole essence of admissions is to address the immediate complications of stroke and to hasten the control of early rehabilitation*. *And to facilitate full recovery if possible or to learn to live with it (stroke damage)*.*"* (HCW, age 43) The health care providers reported that *"We believe in healing of diseases*. *We do not believe in management of disease*.*"* (HCW, age 49) A minor common theme across the health professional groups is illustrated by the following two quotes: *"A lot of people have no idea what stroke is all about*, *actually most people*, *and it is high time we educate them about it to enable them to come to hospitals in time and not waste their time with the spiritualists or herbalists or traditionalists*.*"* (HCW, age 62) *"Lots of folk go to traditional healers or herbalists*, *chemist or quack*. *The pastor is called to come and pray before going to hospital*. *If we believe that this is not a medical but a spiritual illness*, *it is better to pray than to use the meds*." (HCW, age 61) The stroke survivors frequently reported a delay in seeking care from hospitals and health care providers. Many reported seeking alternative "*treatment from their church and prayer from their pastor*," (SS, age 57) as well as not recognizing the signs and symptoms of a stroke until several days or even weeks have passed and the stroke survivor or family members do not see improvement in symptoms.

The health professionals (HCW, age 63) also reported that *"Most patients and their families have lots of questions after their stroke*: *Can I walk*, *drive*, *cook*, *and perform conjugal duties with my wife*? *So gently we nurse them in the right direction---physiotherapy*, *eat with family but with different foods---more healthy foods"* while other health professionals reported:

> *You know patient counseling is not done in our clinics and it is not good---We need to educate our patients about their conditions and how to prevent some of the complications*. *People come in and say 'when my drug got finished I thought that was the end of it*.*' 'I got better so I thought I don't need these medications anymore*.*'* (HCW, age 55)

Another major theme was *"Lots of care---we frequently turn him*, *feed him*, *bed sores may increase the task of managing him and we have insufficient manpower and equipment to manage*.*"* (HCW, age 64) A stroke survivor (age 47) added *"and the government should help cushion financial implications*, *cost of drugs*. *The drugs are expensive---do something to help us"* while another (SS, age 47) stated *"I think the government or ministry of health should reserve some money for research in this area so we can deal with this epidemic......*.*"*

Working effectively with communities to increase participation in SIREN's case-control study for exploring the genetic, genomic, and phenomic causes related to stroke {#sec021}
----------------------------------------------------------------------------------------------------------------------------------------------------------------------

At the individual level, it was clear: *"People want rewards for their time and for genetic testing to be successful*, *it should be confidential so he/she will not be denied anything in the future such as a job*.*"* (SS, age 38) Thus, social and economic policies are needed to protect the individual so he or she can maintain privacy with genetic testing.

> *"Well*, *I think the team should be well-guided how they will present themselves to the community because in Yoruba land if you know how to talk*, *you should as well remember those that know how to interpret it*. *But if you train then go home*, *we go home and give awareness*. *We talk to them and then we choose time that will come to us*.*"* (CL, age 48) A minor theme related to the collection of blood: *"You know we cherish our blood and so many myths that surround the issue of blood collection in our environment*. *Be cognizant of that angle and know how to diffuse the myths and all the impressions*. *Properly educate as they say we should run away from blood---the issue of ebola*.*"* (SS, age 56) Another minor theme was: *"And government things always have a starting but finishing is the problem*. *Involve media people both print and the television so we hear it over and over*. *Make it not new to them*. *And we hope to have the results of the report of the research at the end of the day that will give us sense of belonging*, *at least we participated...*..*we can continue to move among our people*. *This research must not be allowed to die*. *If we reach out to this kind of people who are very close to the community*, *the sky will be the limit*. *God is going to help us*.*"* (HCW, age 34)

Overall, quotes from one of the participants in the health care provider groups seemed to sum up our findings related to effects of stroke across the SEM:

> *It (stroke) is the spectrum from mild to severe affecting the patient himself*, *the family*, *the hospital*. *The patient becomes dependent and may be exhausted of resources*. *The family can become exhausted financially*, *psychologically*, *physically and emotionally because attention will be required...*.*and the availability of such manpower might not be there*. *To the hospital*, *it increases hospital stay and attention*, *and gradually little interest might be given to such patient*. *(After discharge) the stroke patient needs to be visited even at home*. *We lack facilities and manpower to follow up the patient in his own environment and see how he/she is coping with his/her disability and proper rehabilitation*. (HCW, age 52)

And stroke survivors and community and faith-based leaders summarized how to work effectively with organizations and communities related to the SIREN recruitment, as well as adding some advice related to social, economic and government policies related to stroke:

> *You know this is political days and I know the test you may want to do may involve blood*. *So my concern is that people are now weary of things that may lead to whether they want to take any part of their body for anything*. *So you really need good advocacy before that type of test can take place*. *Tread softly*. *Develop good rapport and...*.*have resources to carry out the thing effectively and efficiently*. *You must go through community and religious leaders*. *They (*the community members) *believe our spiritual head cannot mislead us*. (CL, age 47)
>
> *You need to sensitize the public*. *We have lots of strategies you could embrace---maybe you come on Google with jingles*, *or drama sketches*, *you come on play*. *Let's even have street campaigns provided you have some drummers and some t-shirts so you can create awareness among the populace......Educate the community*, *use media*, *TV*, *radio*, *and churches and mosques to get the word out*. *Use volunteers to reach communities*, *go to houses*, *share leaflets*, *and read to those who cannot read......Research needs to be disseminated or people claim they are used for institutions to make profit*. *Overall*, *the major concern goes to government at all levels*. *There is a need for them to pay more attention to health care delivery and to research*. (CL, age 62)

Discussion and conclusions {#sec022}
==========================

This report documented knowledge, attitudes, perception of risk factors for developing stroke, health seeking behavior related to stroke care, and willingness to be part of the genomic study. These findings involved stroke survivors and their families (n = 58), health care staff (n = 56), and key opinion leaders in the community (n = 51) with a total of 165 informants, which was a very large sample size for a qualitative study.

Triangulation of FG findings with SIREN survey and SIREN case control study {#sec023}
---------------------------------------------------------------------------

When the qualitative data from this study are triangulated with phenomics quantitative survey data (defined as the measurement of phenomes---the physical and biochemical traits of participants with stroke and community controls---as they change in response to genetic mutation and environment influences), we found similarities as well as differences in community knowledge, attitudes, and perceptions related to stroke. If the FGS findings had been available when the survey was designed, the findings could have been validated by additional questions in the survey. However, the data were collected during the same period of time. The SIREN survey results thus far \[Personal communication from Rufus Akinyemi related to knowledge, attitudes and practices of West Africans on genetic studies of stroke: evidence from the SIREN study\] included 4,632 stroke survivors and controls (those who have not had a stroke) recruited into the SIREN study in Ghana and Nigeria. The following risk factors of stroke were reported by the participants: high blood pressure (59.2%), stress (39.8%), alcohol (28.4%), bad diet (28%), diabetes mellitus (24.8%), smoking (24.1%), high cholesterol (23.1%), obesity (21.8%), family history (15.5%), genetics (12.5%), old age (12.2%), evil spirit/witchcraft (8%) and will of God (4%). A report of further analysis of 2118 case-control pairs in the SIREN study identified the modifiable risk factors for stroke in Ghana and Nigeria (listed in descending order) as hypertension (90.8%), dyslipidemia (35.8%), regular meat consumption (31.1%), elevated waist-hip ratio (26.5%), diabetes (22.1%), low green leafy vegetable consumption (18.2%), stress (11.6%), added salt at the table (5.3%), cardiac disease (4.3%), physical inactivity (2.4%), and current cigarette smoking (2.3%) \[[@pone.0206548.ref039]\].

Our FG participants of 58 stroke survivors and 51 community leaders similarly reported all of the above causes (but no emphasis on salt or salty foods). The major themes in the FG analysis were that stress and high blood pressure were major causes of stroke, and they expressed that stress was the reason that the stroke happened when it did. Neither of the quantitative surveys capture "why stroke started when it did," and also do not capture recommendations from community leaders or stroke survivors for specific actions to improve prevention of stroke or recommendations for stroke recovery and participation in genomic research. This information is captured from this qualitative study. It is crucial to remember that for interventions to be successful, we need to explore cultural relevance from the perspectives of the community members and qualitative explorations can provide that input. When the survey participants were asked about intended action steps to be taken should a relation or relative develop a stroke, they reported the following actions: go to hospital (81.9%), seek a specialist doctor (12.3%) and less than 1% would seek spiritual help or call a herbalist; yet seeking alternative care and delaying care from hospitals and doctors was a common theme in the FG. Another study in Nigeria (unrelated to SIREN) reported that only 28.9% of the patients with stroke presented to accident and emergency within the first 6 hours of onset of stroke \[[@pone.0206548.ref040]\].

When little information is known about a population's beliefs, attitudes and practices, qualitative research may be considered essential to developing more insights into the development of quantitative measures. If the SIREN researchers had the qualitative data from the FG prior to developing the survey, we could have added additional questions that would have provided more insights into prevention and management of stroke, especially related to delays in seeking hospital care for stroke and for medication management for high blood pressure.

Limitations and learning from other studies {#sec024}
-------------------------------------------

In SIREN, it is important to note that all of the stroke patients who participated in the survey, as well as some of the controls, were recruited from hospitals and clinics so there is a possibility that they were biased towards seeking care from hospital or specialist doctor and the SIREN survey did not capture a delayed entry into hospitals and clinics.

There are other limitations to the current FGs and qualitative analyses that prevent us from deeper exploration of community attitudes, beliefs and practices related to stroke prevention and recovery. Specifically, the influence of religious beliefs across various groups of participants is not explored. It is important to note that in a study conducted in urban and rural communities in Tanzania, specifically in Dar-es-Salaam, the commercial capital of Tanzania, where Muslims make up 70% of the residents, stroke was "believed to emanate from supernatural causes (demons and witchcraft) while in rural Hai, explanation drew mostly on 'natural causes (hypertension, fatty foods, stress) \[[@pone.0206548.ref041]\]." Those communities with beliefs of natural causes first chose hospital treatment while in Dar many avoided the hospital and used natural healers. A key finding was that causation beliefs shaped treatment choices. Thus, a clear understanding of each of our communities rather than "grouping" all the SIREN communities together is critical for community focused interventions. Also, if the budget was larger, rather than FGs, individual qualitative interviews could have been conducted and may have provided a more in-depth understanding of the attitudes, beliefs, and practices. A larger number of individual interviews are usually required to reach data saturation, and thus a larger budget for conducting the interviews and analyzing the additional data generated by the larger sample size. The FGs captured group-think or group discussion and allowed for ongoing validation of data within each group. To further address this limitation of our current qualitative and quantitative studies in SIREN (and other future studies), we need to further explore and integrate local beliefs, attitudes and practices into improving stroke prevention and recovery. One specific example that needs further research is the role of diet and specific foods or food additives such as salt or sodium in high blood pressure and stroke prevention, particularly since salt is used to preserve many foods in the two countries. Probes that encouraged further discussion related to diet would have offered additional insights into the role of particular foods or food additives in blood pressure control.

We can also learn from another qualitative study examining diabetes in urban and rural Ghana \[[@pone.0206548.ref042]\]. The author reported that i) "cure seeking constitute healer shopping between biomedical, ethnomedicine, and faith healing" and ii) "medical inaction constituted passive disengagement from medical management \[[@pone.0206548.ref042]\]." Also, related to the fears of stroke in our study, women expressed some concerns about fear of abandonment. Wives feared that husband would leave them and no such fears were expressed among husbands. In epilepsy similar findings were reported in studies on sociocultural issues where females were more likely to be abandoned and face more stigma than males \[[@pone.0206548.ref043], [@pone.0206548.ref044]\]. However, several studies in Nigeria \[[@pone.0206548.ref045], [@pone.0206548.ref046]\] emphasized the critical need for patient and family education related to the causes of stroke, effects of drugs and goals for a successful recovery, but the studies reported there is little time for physicians and staff to address these needs \[[@pone.0206548.ref045]\]. The role of poverty and the low capacity of the health care system to manage stroke also affects care. Thus, "patients and their families can leave clinic feeling ill-informed \[[@pone.0206548.ref045]\]," and often turn to God as a source of hope and recovery \[[@pone.0206548.ref046]\].

Patients with stroke may also have other issues and care must be individualized. A study in Ghana reported that approximately 80% of patients with stroke experience mild-to moderate degree of stigma related to their stroke and these stigmatized individuals were more likely to be depressed and have lower levels of quality of life \[[@pone.0206548.ref047]\]. Although not an identified major or minor theme from our FGs, the stigma, depression, and lower quality of life associated with stroke was mentioned in several FGs and implied in many. Additionally, Baatiema and colleagues \[[@pone.0206548.ref048]\] examined barriers to evidence-based acute stroke care explicated by health professionals in Ghana and concluded that we need to "consider the contrasts and uniqueness" of community-based barriers in designing quality improvement interventions to optimize patient outcomes related to stroke.

Strengths and future directions {#sec025}
-------------------------------

This qualitative approach of SIREN provides a model for other high-risk stroke populations around the world to explore the views of stroke survivors, their families, community members, health providers and researchers, and to use the findings from SIREN and other studies to improve health. These new perspectives can also be used to raise new questions and hypotheses about stress and stroke, as well as barriers to blood pressure control. Additionally, the findings and comparisons have the potential for changing both policy and practice related to stroke prevention, management and recovery, and genetic research in SSA.

After a systematic search of PubMed, Medline, Google Scholar, and review of published research related to stroke in Africa, to our knowledge, this is the first research that qualitatively explores and contrasts knowledge, attitudes/beliefs and practices of stroke survivors and their families, community and faith-based leaders, and health professionals across multiple communities in both Ghana and Nigeria in SSA. Also, this is the first qualitative study to specifically explore community willingness to participate in genomic research focused on stroke and to obtain suggestions from patients, family, community leaders and health care providers for recruiting persons to participate in the genomic and phenomic stroke research. These findings certainly add to both prior qualitative studies and current quantitative data from SIREN surveys that have been done and reported during the same period of time. Additionally, these findings can help to explore and further develop culturally sensitive and acceptable community-based educational interventions towards improving acceptability of genomic studies and the reduction of the stroke burden across SSA.

Future plans include further exploring and integrating local beliefs, attitudes and practices as well as using our current findings to improve stroke prevention and recovery, and community participation in research. We will continue to identify effective methods for disseminating SIREN findings across the participating communities and work with the SIREN Community Advisory Boards to develop and implement policies to support improving stroke care and outcomes. Our goal continues to focus on reducing the tremendous burden of stroke for patients, their families, and communities through research and partnerships to improve practice and policy.
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